This paper develops a design procedure for simultaneous coordinated designing of the static synchronous compensator controller parameters (STATCOM) and power system stabilizer (PSS) in multimachine power system. The artificial bee colony (ABC) algorithm is employed to search for optimal controllers parameters. ABC algorithm is a collective intelligence based on optimization algorithm inspired by the feeding behavior of bees in finding food. Rapid convergence and high precision are the capabilities of this algorithm which in this study to demonstrate its effectiveness and robustness, a two zone -four machines system is used and analyzed through non-linear simulation of time-domain and the results are compared with particle swarm optimization (PSO) algorithm. The optimization after a large turbulence shows that the coordinated design of the STATCOM and PSS controllers' parameters using the ABC algorithm considerably improves the system stability together with rapid damping of the system fluctuations as compared to the state without optimization. On the other hand, the optimization results using the ABC algorithm shows the superiority of this method over the PSO algorithm.
INTRODUCTION
Studying different power blackouts around the world reveals that the main causes in such power failures lie in the voltage collapse and consecutive overloads due to recurrent tripping of relays and circuit breakers [1, 2] . For this reason, using control devices and power system stabilizer (PSS) can grossly improve the static stability, dynamic stability, transient stability and the network voltage and in the meantime, the overloaded lines and voltage collapse can be prevented through maintaining balance between the power production and demand [3, 4] . Reactive power compensation is a major issue in power systems and flexible ac transmission systems (FACTS) play an important role in controlling the power system's reactive power and voltage fluctuations and the system stability as well [5, 6] .
A static synchronous compensator (STATCOM) is capable of injecting independently controllable reactive power into the system [7, 8] .It provide continuously variable reactive power at its point of connection with the grid. STATCOM can used to maintain the magnitude of the bus voltage constant [9, 10] . Power system stabilizer (PSS) and FACTS controllers are acceptable solutions for voltage and oscillatory instability problems, since these controllers increase loading margins and provide additional system damping [11, 12] . PSS is widely used in existing power systems in order to damp out power system oscillations [13, 14] . When a STATCOM is present in a power system to support the bus voltage, a supplementary damping controller could be designed to modulate the STATCOM bus voltage in order to improve damping of system oscillations [15, 16] . But, the interaction among PSS and STATCOM-based controller may enhance or degrade the damping of certain modes of rotor's oscillating modes. To improve overall system performance, many researches were made on the coordination between PSS and FACTS power oscillation damping controllers [17, 18] . Although the local control signals are easy to get, they are not as highly controllable and observable as wide area signals for the inter-area oscillation modes. Due to restriction of local measurements, these controllers based on local signals tend to be difficult to offer satisfactory performance under various system operating conditions. With the rapid advancement in wide area measurement systems technology, fast communication networks and powerful information technology, the widely dispersed signals of power systems can be centralized, processed and distributed even in real time, which makes the wide area signal a good alternative for control input [19] .
A number of conventional techniques have been reported in the literature pertaining to design problems of conventional PSS: the eigenvalue assignment, mathematical programming, gradient procedure for optimization and also the modern control theory. Unfortunately, the conventional techniques are time consuming as they are iterative and require heavy computation burden and slow convergence. In addition, the search process is susceptible to be trapped in local minima and the solution obtained may not be optimal [20, 21] . In recent decades given the inherent problems with the optimization methods and inapplicability of such methods to a special category of the functions, the goal of using optimization and heuristic methods was extensively welcomed. Broad applicability, ease of use and the capability to reach the answers close to the optimized values are among the reasons why the researchers are focusing their attention to these methods [22, 23] . Many artificial intelligence optimization methods for regulation and coordinated design of the multistabilizer have been implemented through using artificial neural networks. Although the collective intelligence optimization methods were successfully used for solving the optimization problems but the current studies have identified their functional deficiencies. Intelligent algorithms such as genetic algorithm (GA) are capable of solving any optimization problems describable using chromosomal encryption and can be used for solving multi-dimensional, discrete and non-parametric problems; however they are sometimes unable to find general extreme and stall at local extreme level [24, 25] . The PSO algorithm, although very simple and fast, still has a drawback in terms of the answer accuracy relative to the newer algorithms like ABC algorithm [26, 27] . Also there is the local search based simulated annealing algorithm for which designing suitable local searching methods considering the conditions and limitations of the simulated problems is of particular importance [28, 29] . This decline of qualification rate is increased specially with more complex target functions such as those in which the optimized parameters have intense dependency to each other and in functions with optimized parameters. Furthermore, the decrease of search ability as the result of premature convergence increases trapping possibility in local optimized points [30] . In order to increase the optimization process accuracy for coordination of STATCOM and PSS the ABC algorithm can be used which features good accuracy and convergence speed. Optimal location and controller design of STATCOM for power system stability improvement using PSO has been analyzed [31] . Also the coordinated design of PSS and STATCOM controller parameters using ABC algorithm has been performed and the results of the two above algorithms have been applied in regulating the PSS and STATCOM controller parameters in order to damping the fluctuations in a two-regional four-machines system and the findings have been compared with the results of the state without using the algorithm in adjustment of the parameters.
POWER SYSTEM OSCILLATIONS DAMPING
PSS and FACTS devices can help the damping of power system oscillations [32, 33] . PSS provides an additional input signal to generate supplementary control signals for the excitation control system in order to damp slow mode oscillations of the power system [34, 35] . The basic function of PSS is producing a component of electrical torque in phase with rotor speed deviations to increase the system positive damping. The conventional lead-lag PSS (CPSS) is show in Fig. (1-a) [36, 37] , where TQ is the washout time constant and KQ is the PSS pure gain. The selection of the TQ value depends upon the type of mode under study [38, 39] . The time constants T1P, T2P and KP are calculated using PSO and ABC algorithms.
A static synchronous compensator (STATCOM) is one of the FACTS devices that can provide effective means for controlling reactive power flow and improving the voltage regulation of a power system [40] . A STATCOM is capable of injecting independently controllable reactive power into the system. It provides continuously a variable reactive power at its linking point to the grid [41] . In this study a two-step lead-lag phase compensator block accompanied by a general gain and washout high pass filter together with an output limiter has been used in the STATCOM controller structure as show in Fig. (1-b) , so that the two-step phase compensation block compensates for the appropriate leading-lagging power factors between the signal input-output. KC and times constant of lead-lag network T1S, T2S, T3S and T4S can be calculated using ABC algorithm. 
ARTIFICIAL BEE COLONY ALGORITHM
The ABC algorithm has been inspired by the Bee behavior in the nature. Similar to the natural bee colony, this algorithm is constituted from three 'employed', 'onlookers' and 'scouts' bee groups. Initially a collection of food sources are randomly selected and the employed bees will go and calculate the amount of nectar of the selected source. Afterwards thy return to the colony and share their information with other bees (onlookers). In the second step, after sharing the information, each employed bee returns to the source it has seen before and it may also select a new source on the neighborhood of the previous source based on the visual information it has gathered from the place; that is the bee considering the color and type of the flower decides to go to the previous source or choose a new one. In the third step the onlookers will prefer a food source range based on the information they have collected from the employed bees in the dancing place. After reaching the place they may choose a new source around using the visual information they acquire from the area. When a source is cleared or it must be abandoned, a new source randomly found by the scouts will be replaced. The above cycle will be repeated until fulfillment of all the needs [42] . As was said before, each of the employed bees or the onlookers may make changes of the location of the food source (the solution) in their memory and calculate its qualification rate in relation to the other sources; in case the qualification rate of a source seems higher than the previous source in the bee's judgment, it selects the new solution and the old solution will be ignored and otherwise, the previous solution shall remain valid. These changes are obtained through the following relationship [43] : In first, initialization of the population:
x i,j min is the lower limit and x i,j max is the upper limit of each optimization parameter. In the second step of the algorithm,initialization of Bee phase:
(1) where Xi,j is the previous location, i is the current bee, k is the neighboring bee and D is the number of optimization parameters. ijis a random number between [-1,1]. This variable controls the location production of the neighborhood food resources around Xij.In this relationship, BN represents the number of employed bees and the variable k is selected randomly, different from the variablei ThemorethedifferencebetweenXij. and Xkj is decreased, the lower the deviation from the location Xij will be. In fact, in this relationship we try to choose one dimension from among different dimensions of one of the locations and move in that direction or opposite to that direction (like PSO algorithm), depending on the value of , with the we through that e differenc random selection create to try the in staying from avoid and diversity optimal local. After finishing of the searching process, the onlookers will evaluate the information of each one of the employed bees and using a probability of the source nectar quality, will choose one of the food sources. This probability is obtained from the following relationship [44] : In this relationship thefit is the qualification rate of the food source corresponding to the ith bee and SN is the number of existing solutions. In the case when a source comes to an end or its quality is inappropriate, the employed bee will leave that and will become a scout. In modelling this behavior, if the qualification rate of a point is not improved after several repetition (of which is shown by the parameter 'limit'), this means that we are at an optimal local. Accordingly, the relevant point is removed and a new point is randomly produced [45, 46] . For obtaining the optimization parameters using the ABC algorithm the following steps must be taken: 1-The system data and ABC algorithm parameters like the colony bees (number of employed bees + onlooker bees) (Np), the limit value and the number of cycles (max cycles) are specified. 2-Producing the initial conditions for each employed bee (determining the initial conditions for optimization parameters᾽ values) Each individual bee from the population is randomly given a value observing the limitations mentioned in equations (10) and (11) . 3-The attraction of the initial random values is determined by replacement in the Formula (7). 4-It should be noted that due to considering the optimization parameters in Simulink, optimization must be implemented so that the system variables for determining the target functions are specified. 5-In this step the searching process must be performed in three methods to improve the answer. (The employed bees: local searching, onlooker bees: choosing selected answers for the local search, scouts bee: surveying new random answers). 6-The algorithm's termination term is reaching to the maximum repetition value (max cycle) and in case of not fulfilling of all steps, the steps 4 onwards are repeated. The ABC algorithm flowchart used in coordinated designing of PSS and facts controller has been represented in Fig. 2 
APPLICATION PROCEDURE OF HONEY ALGORITHM ON POWER SYSTEM
The two area-four machine system includes two symmetrical areas as shown in the Fig. 3 . This system has been engineered particularly [47, 48] for investigating the low electromechanical frequency fluctuations in large interconnected power systems. This system can simulate the actual behavior with a reasonable accuracy.
Fig3. Two-area four-machine power system with STATCOM
In the STATCOM controller, the washout time constant will be equal to 10s and other time constants shall be as follows T25=T45=0.3s. The Ks controller gain and the T1S, T3S controller time constants are determined by the algorithm for optimization. The PSS controller structure the washout is equal to 3s. The KP stabilizer gain and the parameters T1S and T2S are determined by the intelligent algorithms for optimization. In this study the internal absolute error of the speed deviation in simulation time span has been used as the target function and is described as follows [30] :
To calculate this function, the non-linear model of the system in time domain of the simulation time span is executed. The objective is that the target function for the improvement of system response based on the subsidence time and the overshoot rate is minimized. The aim of this study is minimization of the J proposed cost function. Accordingly the optimization problem is defined as follows [30] :
where L and Iare the speed deviations of local and inter-area modes of oscillations, respectively, and tsim is the time range of the simulation. Limitations of the problem include the STATCOM and PSS based controller parameters. The STATCOM limitations are: ..., , N ,
The introduced method consists of using the ABC algorithm for solving the optimization problem to obtain the PSS and STATCOM parameters. Also, all the relevant parameters are given in Appendix.
SIMULATION RESULTS
In this section the simulation results of a large oscillation occurred due to short-circuit in 1.0s to 2.0s time span have been presented. By Coordinated designing of PSS and STATCOM controller parameters using ABC algorithm and comparing the results with PSO algorithm, the unknown values as shown in Table 1 are obtained. In order to obtain the simulation results using the PSO algorithm the values presented in Table 2 are used. The unknown optimization parameters shown in Table 1 have been presented in Table 3 after application of PSO algorithm. To obtain the simulation results using ABC algorithm, the values shown in Table 4 are used. PSS4  PSS3  PSS2  PSS1  STATCOM  Controller  parameters  KQ4  KQ3  KQ2  KQ1  KS  Gain  T1P  T1P  T1P  T1P  T1S  Time  Constant  T2P  T2P  T2P  T2P To obtain the simulation results using the ABC algorithm, a two-area four-machine system and the Table 5 values gained from the algorithm ABC are used. During the simulation, the response of components like the generators' speed, rotor angle, terminal voltage and transmission power of the generators, etc. after short-circuit oscillation is obtained and illustrated. The voltage change and the reactive power of bus connected to the STATCOM bus are shown in Fig.  4 . The V-B1 and V-B2 voltage changes or L1, L2 loads shown in the power system after the 3-phase short-circuit oscillation have been represented in Fig. (5-a) . The system's active power transmitted from the bus B1 to B2 illustrated in power system after 3-phase short-circuit oscillation has been represented in Fig. (5-b) .
TABLE5.THE OPTIMIZED PARAMETERS OF T1S AND T3S IN STACOM CONTROLLER AND THE PARAMETERS T1S AND T2S IN PSS CONTROLLER USING THE ABC ALGORITHM
Changes of the variables like the voltage angle, speed, power and terminal voltage of the generators 1 to 4 after 3-phase short-circuit oscillation have been presented. In the Fig. (6-a) the voltage angle changes of the generators 1, 3 and 4 relative to the generator 2 connected to the bus slack with zero angel have been measured and illustrated. Fig. (6-b) shows the speed changes of the generators 1 to 4 as per unit after the 3-phase short-circuit oscillation. This figure shows that the generators' speed fluctuations are damped quickly after the oscillation. Fig. (6-c) , showing the per unit active power in generators 1 to 4, describes how such fluctuations become zero after the short-circuit oscillation. These figures respectively show the better damping and lower amplitude of the inter-area electromechanical fluctuations after the 3-phase short-circuiting in generators 1-3 and 1-4. Comparing the figures above, the optimization and better adjustment of the parameters in damping of inter-area electromechanical fluctuations using ABC algorithm relative to the PSO algorithm is obvious. Also the voltage angle changes (δ) after the oscillation among the generators in three discussed states have been examined and compared in the Fig. (10-a) .It can be observed that after the oscillation the lowest changes of the voltage angle relates to the parameter adjustment using the ABC algorithm. Comparison of the STATCOM reference voltage signal fluctuations under the oscillation of 3-phase short-circuit in two states of using the PSO and ABC algorithms to adjust the parameters have been represented in Fig. (10-b) . Obviously as shown in this figure, the STATCOM reference voltage signal fluctuations under the oscillation of three-phase short-circuit in adjustment of the parameters using the ABC algorithm is lower than the PSO algorithm. 6. CONCLUSION In this paper, for better adaption of the STATCOM and PSS parameters for better damping of the electromechanical fluctuations the ABC algorithm has been used. By adjusting the parameters through using the ABC algorithm and comparing it with the PSO algorithm and without optimization parameters, the simulation results show that the electromechanical fluctuations' damping in the regional and inter-area modes is faster compared with using PSO algorithm and more faster compared with the state not using any algorithm at all. Also examining the voltage angle changes in simulation through the adjusted parameters using ABC algorithm showed that it produces the lowest voltage angle deviation compared with the other two states. In summary, the optimization after a large oscillation shows that the coordinated designing of the STATCOM and PSS controllers' parameters using the ABC algorithm considerably improves the system stability together with rapid damping of the system fluctuations as compared to the state without optimization. On the other hand, the optimization results using the ABC algorithm in terms of the other parameters after 3-phase short-circuit oscillation shows the superiority of the mentioned method over the PSO algorithm in adjustment of the STATCOM and PSS parameters. APPENDIX Generators parameters: M1=M2=M3=M4=900 MVA, V=20 KV, f=60 HZ, Xd=1.305, X'd=0.296, X''d=0. 255 
